Two types of bedding-parallel faults are common in the Dunnage Zone of eastern Notre Dame Bay. They are (i) early thrusts, which together with bedding were rotated by later folding into steep attitudes; and (ii) postfolding transcurrent faults. Both types of faults occur at all scales and give rise to repetitions in the stratigraphic sequence.
Introduction
In early efforts to unravel the complex stratigraphy of Newfoundland's northeastern Dunnage Zone (Fig. I ), Kay and Williams (1963) and Williams (1964) suggested that the only unambiguous way to reconstruct stratigraphy and help unravel structure is through use of fossil evidence. However, despite intense geologic investigations in the northeastern part of Newfoundland over the past two decades, no comprehensive compilation of fossil localities has been published in the literature. Instead, data on fossil ages are scattered in at least 38 references (Table 1) . One of the principal aims of this paper is to present a compilation of fossil localities in the Dunnage and Gander zones that were published up to 1985. We feel such a compilation will be useful to a wide variety of workers in Appalachian geology both inside and outside Canada. We also wish to draw attention to the fact that structural observations indicate an abundance of bedding-parallel faults, which can only be recognized under special conditions. The result is that every bedding plane has to be considered a possible fault. It follows, therefore, that no sequence of rocks in the area can be assumed to be an unmodified stratigraphic sequence. This conclusion, combined with an examination of the compiled fossil data, raises some interesting questions regarding tectonic interpretations of the Central Mobile Belt (Fig. 1) .
Our compilation and tabulation of fossil localities suggest a simple chronostratigraphy and lithostratigraphy for the entire Dunnage Zone, assuming that the more than 200 known fossil localities are a representative sample for Dunnage Zone stratigraphy. The idea of a simple regional stratigraphy is not new. Dean (1978) and Kean et al. (1981) proposed similar stratigraphies for the zone, although they were unable to reconcile the simple stratigraphy with the conventional view of structure in some places within the Dunnage Zone. In view of increasing evidence for bedding-parallel faulting and complex deformation within the zone Karlstrom 1985; van der Pluijm 1986) , we would like to suggest (i) that a simple regional stratigraphy (modified from Kean et al. 1981 ) is well enough established that attempts should be made to apply it in areas where fossils are scarce or absent in order to reach a first-order understanding of structural geometry and tectonic history; and (ii) that this stratigraphy suggests that the northeastern Central Mobile Belt can be viewed as a single paleotectonic element that was deformed in early to middle Paleozoic times (see also van der Pluijm 1987) . The latter is in contrast to some tectonic interpretations that view this part of the northern Appalachians as a composite of originally separate terranes (e. 
Regional setting of the Dunnage Zone
The Dunnage Zone of Newfoundland is a zone of mainly marine volcanogenic and volcaniclastic rocks that reaches a width of 150 km along the well-exposed coast of Notre Dame Bay in northeastern Newfoundland (Fig. I) . These rocks lie between the Humber Zone to the west, with Grenville-age North American basement overlain by Cambro-Ordovician miogeoclinal deposits, and the Gander and Avalon zones to the east, which are believed to be parts of a continental margin sequence and a Precambrian continental block, respectively (e.g., Blackwood 1982) . The Dunnage Zone was thus interpreted by Williams and Hatcher (1983) and Williams (1984) as an oceanic suspect terrane enclosed between an autochthonous craton to the west and accreted continental terranes to the east. Many workers now view the Dunnage Zone as an island-arc succession built upon oceanic crust (e.g., Dean and Strong 1977; Dean 1978; Williams 1984) , andd basalts with midocean-ridge basalt (MORB) or ocean-island affinity are recognized locally Wasowski and Jacobi 1985) . There has, however, been controversy over whether the Dunnage Zone represents a single arc or multiple terranes and (or) lithostratigraphic zones (cf. Williams et al. 1972; McKerrow and Cocks 1977) . Furthermore, mechanisms and timing of accretion of the Dunnage Zone to North America and tHe Avalon Zone remain incompletely understood (cf. Colman-Sadd 1980; Williams 1980; Blackwood 1982; Karlstrom 1983; Williams and Hatcher 1983; van der Pluijm 1987) .
Part of the difficulty in assessing these problems is that we still have only an imperfect understanding of the geometry of the exceedingly complex deformation within and at the margins of the Dunnage Zone. Ongoing structural studies in many areas document the presence of regional-scale thrusts, complex folding, and transcurrent faulting (e.g., Dean and FIG. 2 . Field sketches of small-scale thrusts in turbidites. (a) From Grassy Island, Hamilton Sound. The fault, which has a displacement of approximately 60 cm, is only recognizable where it cuts across bedding. ( b ) From Dildo Run. The sequence youngs upwards in the sketch, and the fault, which has a displacement of more than 3 m, can only be recognized by the hanging-wall ramp. Strong 1977; Nelson 1979 Nelson , 1981 Thurlow 1981; Karlstrom et al. 1982; Colman-Sadd and Swinden 1984; van der Pluijm 1986 ). However, the geometry and scale of displacements on many of the faults are poorly constrained, and postulated displacements range from kilometres to thousands of kilometres (e.g., McKerrow and Cocks 1977) . Thus, at present, structural data are insufficient to prove or disprove many "terrane" interpretations for the Dunnage and adjacent zones.
Biostratigraphic data have potential to delineate different terranes (e.g., Neuman 1984), but evidence for thrusting and complex superimposed folding and faulting in the eastern Notre Dame Bay area and the shortage, if not complete absence, of unmodified stratigraphic sections in the Dunnage Zone necessitate that stratigraphic studies be combined with detailed structural studies. Superposition of lithological units cannot be assumed in reconstructing stratigraphy in many areas of the Dunnage Zone because faults and disrupted folds cause repetition of time-equivalent units within what have been considered simple homoclinal sections (e.g., Karlstrom et al. 1982; Karlstrom 1982 Karlstrom , 1985 van der Pluijm 1986 ).
Disruption of the stratigraphic sequence by faulting
Disruption of stratigraphic sequences by faulting is not an unusual problem, but we wish to stress that it is particularly important in the parts of the Dunnage Zone with which we are familiar. Detailed work is revealing a very high density of faults that are difficult to recognize because they are generally bedding parallel. Thrusts, for example, can be recognized where ramps are exposed, but if they are traced away from the ramp, into a flat, there is commonly no evidence of their existence, even where outcrop is continuous; such thrusts are depicted in Fig. 2 . Small thrusts of this type are very common throughout the region, and larger examples have also been observed. Some of the latter are more easily identified because of their association with olistostromes, but where the olistrostromes are thin they are readily obscured by breaks in outcrop.
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For personal use only. transcurrent faulting. The transcurrent faults vary considerably in strike between approximately 0 and 135" azimuth. Where their strike is markedly different from that of bedding, they are easily recognized, but where they have approximately the same strike as steeply dipping bedding, they tend to exploit the bedding fissility and are, therefore, less obvious. The beddingparallel transcurrent faults may be ductile or brittle, and ongoing work has shown that on and around New World Island the ductile faults are mostly dextral and the brittle faults both dextral and sinistral. These faults, though generally parallel to bedding, do cut across stratigraphy in ramp-like structures; they can therefore rearrange the stratigraphy in exactly the same way as the thrusts. Since they can be dextral or sinistral, can have a strike clockwise or anticlockwise of the strike of bedding, and affect a stratigraphy that was already repeated by thrusting and folding, they can give rise to any juxtapositions of stratigraphy including "old over young" and "young over old." These faults are very numerous, as can be seen from Fig. 3 , which is typical of many parts of the area. The example chosen is one in which the transcurrent faults are inclined to bedding and therefore easily identified. However, abundant bedding-parallel phyllonites and mylonites and displaced dykes and veins suggest that bedding-parallel examples are equally numerous.
In addition to early thrusts and late transcurrent faults, there are zones of tight folding in which all folds occur as single hinges with one limb truncated by a fault (Figs. 4a and 4b). Younging evidence indicates that these folds should each be members of asymmetrical fold pairs, and the way in which they can develop from such pairs is illustrated in Fig. 4c . The same model was proposed by Sander (1911) for the development of "Umfaltung" or transposed bedding. He pointed out that where bedding-parallel faults develop in folded sequences the faults must die within the fold limb or must cut through the fold hinges. The significance of the structure here is that there are broad zones (e.g., on Farmers Island and Yellow Fox Island) where all of the folds are truncated, indicating that bedding-parallel faults are abundant in the area. --It might be thought that the presence of mylonites should render the faults easy to recognize, but many of the faults lack any such expression, and when present the mylonites are easily misidentified in the field. A ' 'thinly laminated limestone' ' on Farmers Island (McKerrow and Cocks 198 I) , for example, has recently been shown to be a blastomylonite (C. Antonuk, written communication, 1986) in which the layering is of deformational origin.
Thus the problem is that there are two generations of bedding-parallel faults, both of which are very numerous. The thrusts can only be identified where they ramp, and many of the transcurrent faults can only be recognized where they cut across bedding. Others can be identified by mylonites or phyllonites, but they are generally not easy to recognize in the field. Both generations of faults disrupt the stratigraphy, and it is never safe to assume therefore that a sequence of rocks is a stratigraphic sequence, even though there are no visible faults. .
Fossil dating of stratigraphic units has helped to clarify the stratigraphy and structure, but suitable fossils are not common enough to solve all the structural problems. However, as stated above, existing fossil data indicate a simple stratigraphy throughout the region covered by Figs. 5 and 6 , and if it is assumed to be correct, this simple stratigraphy can be used to solve structural problems. Neale and Nash (19631: 27, Nelson (1979) : 2R, Neuman (1970; 29, Nowlan and Thudow (1984) Wonderley and Neuman (1984) .
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fossils were found, other pertinent data on the fossil localities, and source references. This compilation is a summary of ages and lithologies reported in the literature up to 1985 (age and lithology were taken from the most recent reference, if references conflict). Figure 7 plots lithology versus age for these locations and is the basis for our interpretations regarding stratigraphy in the area as a whole. This plot of fossil age versus lithology is an unconventional way to reconstruct stratigraphy, but our belief is that conventional stratigraphic studies in the Dunnage Zone, which use type sections, law of superposition, and correlation charts, can be (and have been) in error because of unrecognized fold and fault repetitions of stratigraphic units (see, e.g., Williams and Noble 1986) . The Ordovician and Silurian periods (shown on the left in Fig. 7) are drawn approximately to scale in terms of time; radiometric age calibration is from Gale et al. (1980) . Fossil ages are plotted as time intervals in an attempt to express the uncertainty in fossil age determinations (see Karlstrom et al. 1983) . Figure 7 shows a remarkably consistent trend, which we have expressed in terms of major depositional intervals of various lithologies (black bars), and a simple stratigraphy for the Notre Dame Bay area as discussed below from oldest to youngest rocks. Ultramafic rocks in the Dunnage Zone occur as part of ophiolite sequences and as isolated zones of ultramafic rocks such as the Gander River Ultrabasic Belt (Jenness 1958; Blackwood 1979) , which probably also represent ophiolite (Blackwood 1979 (Blackwood , 1982 (Blackwood , 1982 . Radiometric dating has shown that ultramafic, trondhjemitic, and other ophiolitic rocks from diverse localities give ages in the time span of 463-510 Ma (Fig. 7) (Stukas and Reynolds 1974; Mattinson 1975 Mattinson , 1976 Williams et al. 1976) . Recent results by Dunning and Krogh (1985) have reduced this time span to less than 20 Ma (477 -495 Ma). This restricted time range of ophiolitic rocks suggests a relatively limited area for the basin from which these ophiolites originated.
Volcanism other than ophiolites occurred in the Dunnage Zone during two time periods (Fig. 7) . Mafic pillow volcanics of island-arc affinity are Early Ordovician, mainly Arenig and Llanvirn, as dated by fossiliferous sandstones and tuffaceous limestones preserved in pods between pillows or as lenses interbedded with the basalts and pillow breccias. Late Ordovician to Silurian volcanics are bimodal basalt-rhylolite sequences, which are interpreted as largely subaerial deposits because of a preponderance of pyroclastics and an association with subaerial sandstones (Dean 1978) .
Massive limestones in the Dunnage Zone, such as the Cobbs Arm limestone of New World Island and its equivalents, overlie mafic pillow volcanics and tuffaceous limestones and yield Llandeilian fossils (Fig. 7) . Miscellaneous limestones also occur as blocks and clasts in mtlange and conglomerate. The oldest fossil reported from the Dunnage Zone, for example, is a Cambrian trilobite from a limestone block in the Dunnage MClange (Kay and Eldredge 1968) , and limestone clasts of probable Silurian age have been found in polymictic conglomerates (Williams 1972) . Thin limestone units also occur interbedded with siltstones in some Silurian successions (Fig. 7) . Thus, there is evidence that limestone deposition took place during various time intervals, with a relatively major limestone depositional interval in the Llandeilo. However, all of the limestones are thin and lenticular on a regional scale.
Black shales include graphite-rich slates, black argillites, chert, and dark, argillitic turbidites. These rocks are predominantly Caradocian in age (Fig. 7) , as shown by wellpreserved graptolite faunas (Bergstrom et al. 1974) . Many workers have suggested that these widespread black shales represent pelagic muds deposited during tectonic quiescence after volcanism ceased in the Dunnage Zone (Dean 1978; Nelson 1979; Kean et al. 1981) . There are also Early Ordovician black shales and black argillites present in the Dunnage MClange area (Hibbard et al. 1977) and elsewhere. Field and fossil evidence suggests that Caradocian black shale deposition gave way to turbidite deposition (Dean 1978) . Thick and well-developed turbidite successions (with graywacke, slate, and conglomerate interbeds) were first deposited in late Caradocian times and continued into the Llandovery (Fig. 7) . The main turbidite deposition became coarser grained with time, and graywacke sequences were gradually overlain by polymictic conglomerate in many localities.
The youngest sedimentary rocks in the northern Dunnage Zone are quartz arenites, which yielded Silurian fossils as young as Ludlow (Fig. 7) . These rocks are believed to be subaerial and probably represent lateral equivalents of the graywackes deposited in a continued shallowing environment during the Silurian.
The striking progression of lithologies with time suggests a simple gross-scale stratigraphy for the Notre Dame Bay area. The general lithological succession is Cambrian and Tremadocian ophiolites, Tremadocian to Llanvimian submarine vol- is marked by a narrow break in outcrop, so its movement vector cannot be determined directly. However, it is interpreted here as a dextral transcurrent fault, since adjacent outcropping faults of the same relative age and orientation can be shown to be dextral transcurrent faults by means of kinematic indicators.
Similar repetitions can be demonstrated on Yellow Fox Island in the Bay of Exploits. Here, in a sequence of consistently north-younging rocks, dated Caradocian black argillites are overlain by dated Llandeilian limestones and volcanics (McKerrow and Cocks 1981) . These in turn are overlain by Sansom-like turbidites, which are overlain by volcanics, neither of which are dated. The lower contacts of both volcanic sequences are marked by approximately east-northeast -westsouthwest-trending faults. These faults are narrow and are defined by brittle fractures, thin phyllonites, and carbonate mylonites. A well-developed lineation plunges 10-20" to the west, indicating that the faults are transcurrent. Asymmetrical folds indicate that the displacement at one of the contacts is sinistral; no kinematic indicators have been recognized at the other contact. However, if it is assumed that both faults are sinistral, and since they have a strike that is slightly clockwise (with respect to the acute angle) of the strike of bedding (i.e., bedding trends more east -west), they should both place old on young, as is observed for the lower dated sequence and as is interpreted from the simple stratigraphy proposed here for the upper sequence.
On New World Island there are three repetitions of the stratigraphy from Ordovician volcanics to Silurian conglomerates (van der Pluijm 1986). Repetition was recognized by Kay and Williams (1963) , who initially considered it a product of thrusting. Later, Kay (1967 Kay ( , 1976 , having recognized the abundance of transcurrent faults, interpreted the repetition as a product of transcurrent faulting. The three sequences are separated by the base of the Cobbs Arm Zone and a movement zone through Little Byrne Cove that Kay (1967) referred to as the Toogood Fault. The base of the Cobbs Arm Zone is marked by a mClange (Jacobi and Schweickert 1976; Arnott 1983 ) and has been interpreted as being associated with a thrust cutting the depositional interface van der Pluijm 1986) . Similarly, the Byme Cove movement zone coincides with an olistostrome outcropping in Toogood Arm and Back Cove (Arnott 1983 ). Both movement zones show similar characteristics and are overprinted by transcurrent faults and related folds. We, therefore, also interpret the Byrne Cove movement zone as a thrust.
Conclusions and discussion
Our premise is that the structure of northeastern Newfoundland is complex but the overall lithological succession relatively simple on a regional scale. We believe that this lithological succession reflects regional lithological changes through time because the same age progression of various lithologies can be documented in different thrust sheets on New World Island and from widely separated areas within the Dunnage Zone.
In view of the proposed simple stratigraphy, the numerous lithological repetitions observed in the field are interpreted as stratigraphic repetitions due to faulting. The faults are parallel to bedding over much of their areal extent but cut across the stratigraphy by means of short steps (ramps where the faults are thrusts). The faults include early thrusts and late, postfolding, transcurrent faults, and both are very common at all scales in the area studied.
In view of the abundance of the faults, the difficulty in recognizing them, and the consistency of the data presented in Fig. 7 , we have greater confidence in the validity of the simple stratigraphy than in the interpretation of complex stratigraphic sequences involving repetition of the various rock types. By rock types in this context we mean the rock types represented in Fig. 7 . Certain repetitions are, of course, stratigraphically acceptable. Thus we would not suggest that alternations of turbidite and conglomerate are necessarily due to faulting, since the two rock types overlap in age and interfinger laterally. Nor would we attach importance to the repetition of limestone. However, we do suggest that an alternation of turbidites and mafic volcanics most likely represents an original sequence of older volcanics followed by younger turbidites, repeated by bedding-parallel faulting.
Because the proposed regional stratigraphy has potential for simplifying structural and tectonic interpretations, it is necessary to closely examine its validity within the Notre Dame Bay area as well as possible extensions of the stratigraphy to other areas of Newfoundland and elsewhere in the northern Appalachians. Sampling problems, such as the possible presence of major unfossiliferous rock units that would be left out of the proposed generalized stratigraphy, have not been addressed here. Similarly, no attempt has been made to fully explore the numerous questions raised by the proposed lithostratigraphy, such as the compatability of faunal assemblages, faunal provinces, sedimentological data, and geochemical data within the major groupings (see, e.g., Neuman 1984) . The major aim of this paper, aside from providing a compilation of fossil localities for reference, is to draw attention to the abundance of bedding-parallel faults and to stimulate further testing of the idealized stratigraphy and discussion of its problems and limitations.
Our conclusions regarding paleotectonic reconstructions based upon the working hypothesis of a simple regional stratigraphy (modified from Dean (1978) and Kean et al. (1981) ), combined with the observed complex structural relationships, are as follows.
(i) The stratigraphic succession is not the same in each thrust sheet (not all are complete sections), but each can be derived from the regional stratigraphy shown in Fig. 7 . This stratigraphy has been proposed in the literature but not fully utilized for interpretation of map geometries. It should be tested further.
(ii) A regional stratigraphy for the Dunnage Zone implies that the thrust sheets were all derived from a single oceanic terrane, the nature of which is constrained by the originally uniform stratigraphy. Because of the lithologic sequence shown in Fig. 7 , we tend to support the view that the Central Mobile Belt largely represents a single telescoped basin, although the width of the basin and internal variations in the basin remain to be determined.
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